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1
SYSTEMS AND METHODS OF CRUISE
DROOP CONTROL

TECHNICAL FIELD

The present disclosure relates to a cruise control system for
a vehicle. More particularly, the present disclosure relates to
systems and methods of dynamically controlling various
characteristics of a cruise control system of a vehicle.

BACKGROUND

Today, many vehicles include a cruise control operating
mode. Cruise control enables the vehicle to operate at or near
a set speed without operator input (e.g., depression of the
accelerator pedal). For example, during highway or freeway
driving, an operator may set a cruise control speed near the
posted speed limit. At which point, the operator need not
control the accelerator pedal to control the vehicle’s speed.
Furthermore, by relieving operator speed input, inconsistent
and transient acceleration/deceleration events are reduced,
which consequently reduces the acceleration/deceleration
spikes that cause unsmooth vehicle operation. As such, cruise
control provides for a relatively smoother vehicle operation
while permitting reduced operator input.

SUMMARY

One embodiment relates to a method of selectively adjust-
ing one or more cruise droop settings based on past and
present road loads. The method includes receiving a cruise
control operating mode initiation for a vehicle; receiving
vehicle operation data; determining a current road load for the
vehicle based on the vehicle operation data, wherein the cur-
rent road load provides an indication of a load on the vehicle;
maintaining a history of determined road loads while the
vehicle is in the cruise control operating mode; and selec-
tively adjusting a cruise control droop characteristic based on
the current road load and the history of determined road loads.
By adjusting the cruise control droop characteristics in real
time based on past and present road loads, operation of the
cruise control system is tailored to the specific operation of
the vehicle where the method is implemented. In turn, the
method may be customized to be based on one or more
operator preferences (e.g., minimize fuel economy) to further
make the adjustments in accord with the operator’s prefer-
ence.

Another embodiment relates to a method of selectively
adjusting one or more cruise droop settings based on past,
present, and projected road loads. The method includes
receiving a cruise control operating mode initiation for a
vehicle; receiving vehicle operation data; determining a road
load for the vehicle based on the vehicle operation data,
wherein the road load provides an indication of a load on the
vehicle; maintaining a history of determined road loads while
the vehicle is in the cruise control operating mode; projecting
a next road load for the vehicle based on the history of deter-
mined road loads; and selectively adjusting a cruise control
droop characteristic based on the projection and the history of
determined road loads. By basing the projection on past and
current road loads, the method does not need expensive tech-
nology and equipment to make the projection. Accordingly,
the method may be appealing to budget conscious vehicle
operators.

Still another embodiment relates to an apparatus. The
apparatus includes an operator interface module, a load deter-
mination module, a history module, and a vehicle cruise
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control management module. The operator interface module
is structured to receive an input, the input including a cruise
control operating mode initiation for the vehicle. The load
determination module is structured to determine a road load
for the vehicle while the vehicle is in the cruise control oper-
ating mode. The history module is structured to maintain a
history of the determined road loads. The vehicle cruise con-
trol management module is structured to selectively adjust a
cruise control droop characteristic based on a current road
load and the history of determined road loads.

These and other features, together with the organization
and manner of operation thereof, will become apparent from
the following detailed description when taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is schematic diagram of a vehicle with a controller,
according to an example embodiment.

FIG. 2 is a schematic of the controller used with the system
of FIG. 1, according to an example embodiment.

FIG. 3 is a graph of operating bands for a vehicle, accord-
ing to an example embodiment.

FIG. 4 is schematic of a force diagram for a vehicle,
according to an example embodiment.

FIG. 5 is a graph of tracked road loads for a vehicle during
a cruise control session, according to an example embodi-
ment.

FIG. 6 is a schematic of a static cruise control droop line
with upper and lower droop breakpoints, according to an
example embodiment.

FIG. 7 is a schematic of possible cruise control droop
characteristic adjustments, according to an example embodi-
ment.

FIG. 8 is a schematic depicting a projected future road load
for a vehicle based on a history of operating bands and a
current determined operating band, according to an example
embodiment.

FIG. 9 is a flowchart of a method of dynamically control-
ling one or more cruise control droop characteristics, accord-
ing to an example embodiment.

FIG. 10 is a flowchart of a method of dynamically control-
ling one or more cruise control droop characteristics based on
a projected future road load, according to an example
embodiment.

These and other features, together with the organization
and manner of operation thereof, will become apparent from
the following detailed description when taken in conjunction
with the accompanying drawings.

DETAILED DESCRIPTION

Referring to the figures generally, the various embodi-
ments disclosed herein relate to systems and methods of
dynamically controlling one or more cruise control droop
characteristics. Cruise control droop characteristics refer to
the parameters that control the cruise control operating mode
for a vehicle. For example, when a vehicle in cruise control is
on a relatively steep grade, the cruise control droop control
parameters may permit the vehicle to go to a slower speed
than the set speed to conserve fuel while the vehicle climbs
the grade. Typically, the allowed differential speed below the
set speed is predefined in the control system. In comparison,
when the vehicle is travelling downhill (e.g., a downhill
grade), the momentum of the vehicle may push the vehicle
above the set speed. Typically, the allowed differential speed
above the set speed is also predefined in the control system.
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The point where the vehicle is permitted to decrease speed is
referred to as the upper droop breakpoint while the point
where the vehicle is permitted to increase speed is referred to
as the lower droop breakpoint. According to the present dis-
closure, a controller is able to adjust these breakpoints,
among other droop characteristics, based on the load on the
vehicle to achieve a desired vehicle operating parameter (e.g.,
minimize fuel consumption). Rather than utilizing costly
technology to determine precise locations where the vehicle
will encounter various road grades to adjust cruise control
droop characteristics, the controller adjusts the droop charac-
teristics based on comparing a current operating band (i.e.,
road load) to a history of tracked and maintained operating
bands for the vehicle. In some embodiments, the controller
may also base the adjustment on a projected future power
operating band compared to the history of power operating
bands. Therefore, the controller provides modularity to cruise
control systems to enable dynamic droop control while also
providing for improved operability characteristics, such as
drivability (i.e., smoothness of operation) and fuel economy.

An example operation of the controller may be as follows.
An operator initiates cruise control with the vehicle. The
controller receives vehicle operation data including, but not
limited to, engine speed and torque data to determine road
loads for the vehicle while in cruise control. The controller
maintains a history log of'the determined road loads. At some
point while still in cruise control, the controller may deter-
mine a road load outside an acceptable deviation from a
nominal road load. For example, the vehicle may be travelling
up a relatively steeper grade but the determined road load is
not sufficiently high to reach the upper droop breakpoint. As
such, the vehicle is increasing fuelling commands to maintain
speed. However, the operator may be more concerned with
fuel economy. Based on this elevated road load occurring for
either a preset amount of time or a preset amount of distance,
the controller selectively adjusts one or more cruise droop
characteristics in accord with the current elevated power
operating band. In this instance, the controller may decay the
upper droop breakpoint to reach the current elevated road
load to enable the vehicle speed to decrease (up to a maximum
amount relative to the set speed) to improve fuel economy in
accordance with the operator preference. By making adjust-
ments after a preset amount of time or distance, the controller
filters away transient power excursions to substantially pre-
vent adjustments based on momentary driving conditions. In
the above example, the droop characteristic was adjusted to
conserve fuel economy. In other examples, the droop charac-
teristic may be adjusted based on other desired operating
parameters. For example, if the operator chose to minimize
trip time, the controller may increase the upper droop break-
point such that the vehicle is rarely allowed to decrease from
the set speed. These and other example configurations are
explained more fully herein.

Referring now to FI1G. 1, FIG. 1 shows a schematic diagram
of'avehicle 100 with a controller 150 according to an example
embodiment. The vehicle 100 may be an on-road or an oft-
road vehicle including, but not limited to, line-haul trucks,
mid-range trucks (e.g., pick-up truck), tanks, airplanes, and
any other type of vehicle that utilizes cruise control systems.
Although FIG. 1 depicts the vehicle 100 as including an
internal combustion engine 111, the vehicle 100 may be pow-
ered by any type of engine system. For example, the vehicle
100 may be a hybrid vehicle, a full electric vehicle, and/or an
internal combustion engine powered vehicle as shown.

As shown, the vehicle 100 generally includes a powertrain
system 110, vehicle subsystems 120, an operator input/output
(I/O) device 130, and sensors 140 that are all communicably
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coupled to the controller 150. Communication between and
among the components of the vehicle 100 may be via any
number of wired or wireless connections. For example, a
wired connection may include a serial cable, a fiber optic
cable, a CATS cable, or any other form of wired connection.
In comparison, a wireless connection may include the Inter-
net, Wi-Fi, cellular, radio, etc. In one embodiment, a control-
ler area network (“CAN”) bus provides the exchange of sig-
nals, information, and/or data. The CAN bus includes any
number of wired and wireless connections. Because the con-
troller 150 is communicably coupled to the systems and com-
ponents in the vehicle 100 of FIG. 1, the controller 150 is
structured to receive data from one or more ofthe components
shown in FIG. 1. For example, the data may include vehicle
operation data (e.g., engine speed, engine torque, vehicle
speed, engine temperature, etc.) received via one or more
sensors, such as sensors 140. As described more fully herein,
with this data, the controller 150 tracks vehicle road loads
while in cruise control and selectively adjusts one or more
cruise droop characteristics based on the determined road
loads.

As shown in FI1G. 1, the powertrain system 110 includes an
engine 111, a transmission 112, a drive shaft 113, a differen-
tial 114, and a final drive 115. As a brief overview, the engine
111 receives a chemical energy input (e.g., a fuel such as
gasoline or diesel) and combusts the fuel to generate
mechanical energy, in the form of a rotating crankshaft. The
transmission 112 receives the rotating crankshaft and
manipulates the speed of the crankshaft (to affect a desired
drive shaft 113 speed. The rotating drive shaft 113 is received
by a differential 114, which provides the rotation energy of
the drive shaft 113 to the final drive 115. The final drive 115
then propels or moves the vehicle 100.

The engine 111 may be structured as any engine type: from
an internal combustion engine to a full electric engine. As
shown, the engine 111 is structured as an internal combustion
engine (e.g., compression-ignition or spark-ignition) that can
be powered by any fuel type (e.g., diesel, ethanol, gasoline,
etc.). Similarly, the transmission 112 may be structured as any
type of transmission, such as a continuous variable transmis-
sion, a manual transmission, an automatic transmission, an
automatic-manual transmission, a dual clutch transmission,
etc. Accordingly, as transmissions vary from geared to con-
tinuous configurations (e.g., continuous variable transmis-
sion), the transmission can include a variety of settings (gears,
for a geared transmission) that affect different output speeds
based on the engine speed. Like the engine 111 and the
transmission 112, the drive shaft 113, differential 114, and
final drive 115 may be structured in any configuration depen-
dent on the application (e.g., the final drive 115 is structured
as wheels in an automotive application and a propeller in an
airplane application). Further, the drive shaft 113 may be
structured as any type of drive shaft including, but not limited
to, a one-piece, two-piece, and a slip-in-tube driveshaft based
on the application.

The vehicle 100 is also shown to include vehicle sub-
systems 120. The vehicle subsystems 120 may include both
electrically-powered vehicle accessories and engine 111
driven vehicle accessories as well any other type of subsystem
in the vehicle 100. For example, a subsystem may include an
exhaust aftertreatment system. The exhaust aftertreatment
system may include any component used to reduce diesel
exhaust emissions, such as selective catalytic reduction cata-
lyst, a diesel oxidation catalyst, a diesel particulate filter, a
diesel exhaust fluid doser with a supply of diesel exhaust
fluid, and a plurality of sensors for monitoring the aftertreat-
ment system (e.g., a NOx sensor). The accessories may
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include, but are not limited to, air compressors (for pneumatic
devices), air conditioning systems, power steering pumps,
engine coolant pumps, fans, and the like.

The operator input/output device 130 enables an operator
of the vehicle 100 (or another passenger) to communicate
with the vehicle 100 and the controller 150. For example, the
operator input/output device 130 may include, but is not
limited, an interactive display, a touchscreen device, one or
more buttons and switches, voice command receivers, etc. Via
the operator input/output device 130, the user may input a
desired operating characteristic including, but not limited to:
minimize fuel consumption; minimize trip time; minimize
power consumption; limit power output; and the like. The
controller 150 may selectively adjust one or more cruise
control droop characteristics to accommodate the inputted
preference. This is explained more fully in regard to FIG. 2.

As the components of FIG. 1 are shown to be embodied in
a vehicle 100, the controller 150 may be structured as an
electronic control module (ECM). The ECM may include a
transmission control unit and any other vehicle control unit
(e.g., exhaust aftertreatment control unit, powertrain control
module, engine control module, etc.). The function and struc-
ture of the controller 150 is described in greater detail in FI1G.
2.

As such, referring now to FIG. 2, the function and structure
of the controller 150 are shown according to one embodi-
ment. The controller 150 is shown to include a processing
circuit 151 including a processor 152 and a memory 154. The
processor 152 may be implemented as a general-purpose
processor, an application specific integrated circuit (ASIC),
one or more field programmable gate arrays (FPGAs), a digi-
tal signal processor (DSP), a group of processing compo-
nents, or other suitable electronic processing components.
The one or more memory devices 154 (e.g., RAM, ROM,
Flash Memory, hard disk storage, etc.) may store data and/or
computer code for facilitating the wvarious processes
described herein. Thus, the one or more memory devices 154
may be communicably connected to the processor 152 and
provide computer code or instructions to the processor 152
for executing the processes described in regard to the control-
ler 150 herein. Moreover, the one or more memory devices
154 may be or include tangible, non-transient volatile
memory or non-volatile memory. Accordingly, the one or
more memory devices 154 may include database compo-
nents, object code components, script components, or any
other type of information structure for supporting the various
activities and information structures described herein.

The memory 154 is shown to include various modules for
completing the activities described herein. More particularly,
the memory 154 includes modules configured to selectively
adjust one or more cruise control parameters of a vehicle.
While various modules with particular functionality are
shown in FIG. 2, it should be understood that the controller
150 and memory 154 may include any number of modules for
completing the functions described herein. For example, the
activities of multiple modules may be combined as a single
module, as additional modules with additional functionality
may be included, etc. Further, it should be understood that the
controller 150 may further control other vehicle activity
beyond the scope of the present disclosure.

As shown, the controller 150 includes a vehicle cruise
control management module 155, a load determination mod-
ule 156, a history module 157, a nominal operation module
158, a powertrain management module 159, an operator inter-
face module 160, and a projection module 161. The operator
interface module 160 may be communicably coupled to the
operator /O device 130 and is structured to receive one or
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more inputs from an operator, passenger, or other user in the
vehicle 100. The input may include a cruise control operating
mode initiation for the vehicle. The input may then further
include a cruise control set speed. Adjustments to the set
speed may also be received as an input. Similarly, the input
may include a deactivation of cruise control. As an example,
an operator may activate cruise control and input a cruise
control set speed. Various vehicle parameters may also be
received via interface module 160 and/or otherwise stored in
memory 154. These vehicle parameters may be used by the
load determination module 156 and generally include a
vehicle mass, vehicle aerodynamic coefficient, tire dynamic
rolling resistance, tire static rolling resistance, tire circumfer-
ence, radius or diameter, a lookup table for the a final drive
torque loss, a lookup table for a transmission torque loss, and
alookup table for an engine torque loss. Other functions of the
operator interface module 160 are described in regard to the
projection module 161 and the powertrain management mod-
ule 159.

The powertrain management module 159 is structured to
provide commands to selectively control one or more com-
ponents in the powertrain system 110. The powertrain man-
agement module 159 is also structured to receive notification
(e.g., a signal) that cruise control has been activated/deacti-
vated and the set speed from the operator interface module
160. The powertrain management module 159 manages the
fueling, torque, engine speed, transmission setting, and any
other component to achieve or substantially achieve the cruise
control set speed. For example, during an uphill portion of a
route, the powertrain management module 159 may increase
fueling to increase power output to maintain the set speed.
The cruise control characteristics that impact the commands
provided by the powertrain module 159 are provided from
and controlled by the vehicle cruise control management
module 155.

The load determination module 156 is structured to deter-
mine aroad load for the vehicle. The road load is the load that
the engine/vehicle overcomes to maintain or substantially
maintain the cruise control set speed. The determined road
load may correspond with an operating band of the engine.
The operating band provides an indication of a power output
of the vehicle during the cruise control operating mode.
Referring now to FIG. 3, engine power as a function of
vehicle speed is shown, according to an example embodi-
ment. As shown, a plurality of operating bands, lines 301-308,
for a vehicle are plotted on a graph to depict engine power
versus vehicle speed. The use of “operating bands” is to
indicate that uncertainty may be present in the road load
determinations described herein. For example, one or more of
the variables used to determine road load (e.g., P,,,,) may be
estimated. As such, there may be uncertainty bands or
amounts associated with each road load determination.
Therefore, in one embodiment, the system and methods
described herein utilize operating bands that represent the
uncertainties associated with the determined road loads for a
designated cruise control set speed. In other embodiments,
the road load determinations described herein may them-
selves include the uncertainty estimates/amounts/determina-
tions. This is reflected in the description below that explains
that one or more variables associated with the road load
determination may be estimated, which may lead to uncer-
tainties. Accordingly, the determined road loads herein may
include an amount of uncertainty. Therefore, the adjustment
determinations may include defining when an adjustment is
made based on the uncertainty included in the determinations.
If the uncertainty is above a preset threshold, the module 155
may not make any adjustments. This operational limitation
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may be done to substantially prevent adjustments that may
adversely impact operability of the vehicle and/or one or
more of the operator’s preferences (e.g., minimize fuel con-
sumption).

To determine the road load of the vehicle, the load deter-
mination module 156 may use vehicle operation data
acquired by one or more sensors in the vehicle 100, such as
sensors 140. The sensors may include, but are not limited to:
engine speed sensors; vehicle speed sensors; engine torque
sensors; vehicle mass sensors; road grade measurement sen-
sors (e.g., an inclinometer); and the like. Accordingly, the
vehicle operation data may include, but is not limited to, an
engine speed, a vehicle speed, an engine torque, a vehicle
mass, a road grade, etc. In certain embodiments, the load
determination module 156 may use one or more of the fol-
lowing equations to determine the road load. In doing so, the
module 156 may use various vehicle parameters described
above (e.g., vehicle mass, road grade angle (0), etc.). The
following equations are intended to show one example road
load determination process. In other embodiments, the load
may be directly measured without the use of such equations.
All such variations and methods are intended to be within the
scope and spirit of the present disclosure.

Referring to FIG. 4, schematic of vehicle 100 is shown that
indicates the power required to overcome various forces asso-
ciated with vehicle 100. FIG. 4 is used to show one example
process of determining a vehicle road load. Generally speak-
ing, as shown, vehicle 100 includes an engine 111, a trans-
mission 112, a final drive 115, and wheels 116. The powers
associated with vehicle 100 include P, , the engine power
required to overcome aerodynamic or wind resistance, P, .,
which is the power required to accelerate vehicle 100, P, .,
which is the power required to overcome the drag of wheels
116, and P, ,,,,,,, which is the power required to overcome the
force of gravity. Additionally, engine 111 also needs to over-
comePy, . ;,., whichis equivalent to the efficiency of engine
111, Py ; s Which is the efficiency of transmission 112, and
Prp.10sss Which is the efficiency of final drive 115. The power
consumed for propelling a vehicle P, . ;.. 1S equivalent to
the power from engine 111, Py, ,,, which may be deter-
mined from Equation (1).

Prowd Load™ L Eng-0uF aeroatl Dragt L cravie P accert

P s Equation (1)

Each of these terms is calculated using inputs from a vari-
ety of locations, as mentioned above. Some of the values may
be predefined in the controller 150 as vehicle parameters, as
also described above. The power to overcome the aerody-
namic drag or wind resistance of vehicle 100, P, . may be
calculated from Equation (2).

ero’

A-Cp-p-u? Equation (2)
Phaero = s —

In Equation (2), A-Cy, is the vehicle aerodynamic drag area
(A) times the aerodynamic drag coefficient (C,,), which is a
measure of aecrodynamic resistance of a cross-sectional area.
The term p is the air density, and the term u is the velocity or
speed of vehicle 100. The aerodynamic drag area may be
predefined in the module 155 and specific to each vehicle. Air
density and velocity may be measured by a density sensor and
a vehicle speed sensor.

The next term, the power required to overcome wheel drag,
may be calculated using Equation (3).
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Pprag=(Corayn)(mgc08 0) () +(Cpsrasic) (Mg cos

() Equation (3)
The term C is the wheel dynamic rolling resistance and
theterm C,,. ,,,...1s the wheel static rolling resistance. Each of
these terms may be predefined in module 156. The term m is
the mass of vehicle 100, the term g is the acceleration due to
gravity, and the term 0 is a road slope (i.e., road grad). While
gravity may be a constant value, the mass of the vehicle 100
may be determined by a mass sensor or an external vehicle
100 scale and then inputted via I/0 device 130 to module 155.
Accordingly, if the vehicle is structured as a semi-tractor
trailer, the mass may significantly change when the trailer is
loaded and not loaded, which is now accounted for. Equation
(3) may be simplified to the form of Equation (4). As
described below, in certain embodiments, the controller 150
adjusts cruise control droop characteristics based on the road
load determined using vehicle mass. In other embodiments,
the vehicle mass may be assumed to be a constant value, such
that fluctuations in vehicle mass (loaded versus unloaded
semi-tractor trailer) are not taken into consideration.

rr-dyn

P Drag Gty N Corssaric)1°g 08 0)(20)

The power required to overcome the force due to gravity
may be found from Equation (5), which uses previously
defined terms.

Equation (4)

P Grayig=(mg-sin 0)(x) Equation (5)

The power required to accelerate vehicle 100 consists of
multiple components, including P, ,.....,» whichis the power
required to accelerate the vehicle alone, Py, 4.0 Which is
the power to accelerate wheels 116, P, .., which is the
power required to accelerate final drive 115, P ..., which
is the power required to accelerate transmission 112, and
Py which is the power to accelerate engine 111. The

ng-Accel’
required calculation is shown in Equation (6).

P sccer™Pren-sccertPwnt scce™PFD tccertP Tx dccer™

Prg-dccel Equation (6)

Each of these terms may be individually calculated. The
power required to accelerate the vehicle may be found from
the vehicle mass m, the vehicle acceleration a, and the vehicle
velocity u, as shown in Equation (7).

Pren-decer~Mat Equation (7)

The power required to accelerate wheels 116 may be found
from I,;,,,, which is the inertia of wheels 76, w;,,;,, whichis the
angular acceleration of the wheels, and wy,,, which is the
angular velocity of the wheels, as shown in Equation (8).

Prynraccer=Twnr Ownr Ownr Equation (8)

The power required to accelerate final drive 115 may be
found from I, which is the inertia of final drive 115, 0,
which is the final drive angular acceleration, and w,,, which
is the final drive angular velocity, as shown in Equation (9). To
determine the inertias, the characteristics of each component
(e.g., wheels) may be predefined in the module 156. For
example, an operator may specific the radius of the wheel and
the mass of such wheel in order to determine the inertia.

Piynrdccer=Irp Orp Orp Equation (9)

The power required to accelerate transmission 112 may be
found from I, which is the inertia of transmission 112, o,
which is the transmission angular acceleration, and oy,
which is the transmission angular velocity, as shown in Equa-
tion (10).

Prxsccer=Irx U.JTX' Orx Equation (10)
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The power required to accelerate engine 111 may be found
from I, o, Which is the inertia of engine 111, 0z, o,
which is the engine angular acceleration, and wg,,,_,,,, which
as mentioned above is the engine angular velocity, as shown
in Equation (11).

Prug-tccer™ L Eng-0ut' ©Eng-0ur OEng-0ur Equation (11)

Each of the angular velocities and angular accelerations may
be derived from data provided in the vehicle parameters in
conjunction with the vehicle acceleration and velocity.

The final term, P; ., is a summary of the losses that need
to be overcome in vehicle 100. These losses may be summa-
rized as in Equation (12).

Pross=PrD LosstP1x LosstPEng Loss Equation (12)

The loss from final drive 115 may be calculated from I (w .
" Trp.m)» Which may be found in a lookup table of the final
drive torque loss, and wz, ,,,, Which is the angular velocity of
the final drive at the input, as shown in Equation (13).

Prp Loss= S (Orp 1w Trpin) O Equation (13)

The loss from transmission 112 may be calculated from
3 (W71 Treen)» Which may be found in a lookup table of the
transmission torque loss, and ®yy.,,, which is the angular
velocity of the transmission at the input, as shown in Equation

(14).

P15 (O 1 in Vi) (O s Equation (14)

The loss from engine 111 may be calculated from 3 (wg,,.
ouz), Which is found in a lookup table of the engine torque loss,
as shown in Equation (15).

P, Eng—Loss:S (O Eg-0u) OFng-Our Equation (15)

The power consumed in propelling vehicle 100 may now
be shown in terms of all the powers required, as shown in
Equation (16).

Procd 1oad™ P Eng-0u=F aerstP DragtP GraviptPren-
AcceltPyi gecer™PRD-tcce M P Tx-dcce P Eng-dcce )+
(PrpsosstP 1x-Losst P Eng-Loss)

Even though Py, . ;. is shown in Equation (16), it may be
accounted for elsewhere, for example it may be integral to
Pz,e-0., @0d may not need to be explicitly included in Bqua-
tion (16).

As mentioned above, the aforementioned equations, in
connection with FIG. 4, illustrate one method of determining
aroadload (e.g., Pr,uu roaq)- Other methods, processes, mod-
els, measurements, and the like may also be used by module
156, such that all such variations are intended to be within the
spirit and scope of the present disclosure. Moreover, in some
embodiments, the values utilized in the above equations are
measured/recorded from various vehicle sensors. For
example, the velocity of the vehicle may be measured by a
speed sensor. In other embodiments, one or more of the vari-
ables above is estimated rather than measured/recorded. For
example, over time, the coefficient of friction between the
wheels and the road (C,, ,,, and C,,__,....) may decrease due
to a decreasing amount of tired tread. Because a measurement
may not be readily available, the module 156 may estimate
the coefficients of friction over time (e.g., use a look-up table
for mileage versus friction coefficient for that specific tire).
All such variations are intended to be within the scope of the
present disclosure.

The load determination module 156 may be structured to
continuously determine the vehicle road load or, in certain
embodiments, the determination may be made after a preset
amount of time or distance. The preset amount of time or
distance may be defined by a user via /O device 130.

Equation (16)
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The road loads determined by module 156 are provided to
history module 157. The history module 157 is structured to
track and maintain the vehicle road loads. In one configura-
tion, the determined road loads are tracked during a cruise
control session. One cruise control session may correspond
with a user activating and then, at some future time, deacti-
vating cruise control. In another example, the cruise control
session may permit a brief deactivation (e.g., thirty seconds,
one-mile, etc.). For example, the operator may be travelling in
cruise control and then apply the brakes of the vehicle to
deactivate cruise control. The operator then re-activates
cruise control within a predetermined time (or distance)
frame. In this example, the history may correspond with the
road loads determined prior to deactivation and after re-acti-
vation. In another example configuration, an operator may
designate a route of the vehicle 100 via I/O device 130. If this
route has been previously travelled by the vehicle 100 (or
some portion thereof), the history module 157 may recall the
determined road loads for that route or portion thereof. In
certain other embodiments, the history module 157 may
maintain a history based on a cruise control set speed. For
example, a user may designate a set speed of 55 miles-per-
hour (MPH) and, four minutes later, increase the set speed to
60 MPH. The history module 157 may determine a first set of
road loads for the 4 minute 55 MPH period and a second set
of'road loads for the 60 MPH travelling period and demarcate
the two sets. In this instance, the history module 157 recog-
nizes the road load for substantially maintaining a vehicle at
55 MPH is likely different from that of 60 MPH. In each
example configuration, a history of road loads is tracked and
maintained during the cruise control operation mode.

Referring now to FIG. 5, FIG. 5 depicts a graph of deter-
mined road loads for a vehicle over a time or distance of travel
of the vehicle. In FIG. 5, the vehicle road loads correspond
with power operating bands for the vehicle as shown in FIG.
3. In each representation, the bands or road loads correspond
with a power output of the engine. FIG. 5 depicts the road
loads encountered by the vehicle 100 for a cruise control
operating mode session.

With this history of determined road loads, the nominal
operation module 158 is structured to determine a nominal
road load. The nominal road load represents a representative
road load for the cruise control session. The representative
load may correspond with an average, a median, and the like.
The nominal road load may also include uncertainty aspects
to account for estimations used in the road load determina-
tions. For example, a nominal load may be 325 horsepower
plus-or-minus 20 horsepower.

The vehicle cruise control management module 155 is
structured to selectively adjust one or more cruise control
droop characteristics. In one embodiment, the adjustments
are applied to the default cruise droop characteristics that are
determined after a user/operator sets a cruise control speed.
Accordingly, the otherwise default cruise control system
parameters are adjusted dynamically based on the determina-
tions described herein. In another embodiment, the adjust-
ments may be based on a nominal road load for a cruise
control session and be independent of the default cruise con-
trol droop characteristics. In still another embodiment, the
adjustments may be based on both the nominal road load and
the default cruise control droop characteristics.

When the adjustments are made relative to the nominal
road load, the adjustment is based on a current road load
compared to the nominal road load for the cruise control
session. One configuration corresponds with the module 155
selectively adjusting a cruise droop characteristic based on
the current road load being outside an acceptable deviation
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from the nominal road load. The acceptable deviation may be
predefined by a user. For example, acceptable deviations may
correspond with determined road load powers within ten
percent of the nominal road load. If the current road load for
apresent amount of time or distance is outside this acceptable
amount, the module 155 may adjust one or more cruise droop
characteristics. The acceptable deviation amount may vary
based on the application of the controller 150. For example,
when utilized in line haul trucks, the acceptable deviation
may be larger (e.g., plus-or-minus fifteen percent) than in
sedan automobiles (e.g., plus-or-minus five percent). This
may correspond with the mass difference between the two
vehicles, such that the relatively heavier vehicle experiences
a relatively larger gravity force which tends to fluctuate its
road load power more than the lighter vehicle. As described
above, the adjustment may be based on the deviation amount
relative to the nominal road load. For example, if the accept-
able deviation amount relative to the nominal road is X per-
cent and the determined road load is X+10 percent, the mod-
ule 155 grows/adjusts the upper droop breakpoint upward
X+10 percent to prevent the upper droop from occurring (if
trip time is important to operator). If the determined road load
is X+20 percent, the module 155 grows/adjusts the upper
droop breakpoint X+20 percent to prevent the upper droop
from occurring under the same operator preference. Accord-
ingly, the adjustment may correspond with the current road
load deviation amount (for a preset amount of time or dis-
tance) relative to a nominal road load. Thus, the controller 150
actively adjusts the droop characteristics for the road loads
specifically encountered by the vehicle. In certain other
embodiments, the adjustment may be a preset amount
depending on where the current road load is relative to the
nominal road load. In this case, the adjustment may not fully
correspond X+10 percent. For example, the upper droop
breakpoint may only grow by X+5 percent due to a default of
splitting the difference between the current road load and the
nominal road load. As described below, these adjustments
may further be constrained by one or more operator prefer-
ences. Accordingly, as can be seen above, the adjustment
amount/percentage/etc. can be highly configurable based on
the application and desires of operator.

As also mentioned above, in another embodiment, the
vehicle cruise control management module 155 is structured
to selectively adjust one or more cruise control droop char-
acteristics based on the current road load compared to the
preset (e.g., default) cruise droop characteristics for the cruise
control set speed. In other words, the adjustment is based on
the comparison of the current road load (for a preset amount
of time or distance) relative to the default cruise droop char-
acteristics that are generated for a cruise control set speed (see
FIG. 6 which is explained below). The adjustment may be
based on the current road falling within or outside an accept-
able deviation of one or more cruise droop characteristics. For
example, the acceptable deviation may correspond with plus-
or-minus ten percent from the default upper and lower droop
breakpoints. If the current road load is within this percentage,
no adjustment may be made. However, if the current road load
(for a preset amount of time or distance) is outside this devia-
tion, the module 155 may adjust a cruise control droop char-
acteristic (e.g., decay the upper droop breakpoint). As with
the above configuration, these adjustments may be con-
strained by one or more operator preferences (e.g., minimize
fuel consumption). Nonetheless, in this example implemen-
tation, the nominal road load determination may not be used.

Accordingly, to aid explanation of module 155, FIGS. 6-7
shows various cruise droop characteristics (FIG. 6) and
adjustments made by the module 155 to those characteristics
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(FI1G. 7). FIG. 6 depicts a static cruise droop line, according to
an example embodiment. This graph depicts the default
cruise control droop characteristics for a cruise control set
speed. These are the characteristics that are adjusted by the
controller 150. As shown in FIG. 6, the cruise droop line 600
includes an upper droop breakpoint 601, a lower droop break-
point 602, an upper droop 603, a lower droop 604, and an
isochronous portion 605. The isochronous portion corre-
sponds with the set cruise speed. The upper droop breakpoint
601 is the point at which the engine torque or power for
maintaining the set speed exceeds a certain threshold. At this
high power threshold—the breakpoint—the vehicle is
allowed to lower its speed. By lower the vehicle speed, the
vehicle is able to operate at a lower power and save fuel. In
many instances, however, the vehicle speed is only permitted
(by, e.g., powertrain management module 159) to decrease its
speed by a limited amount (e.g., 0-3 MPH). The rate at which
this speed drop is achieved is shown via the slope of the upper
droop 603 portion. The upper droop breakpoint usually cor-
responds with uphill grades encountered by the vehicle. In
comparison, the lower droop breakpoint 602 is the lower
power threshold—the breakpoint—where the vehicle is
allowed to increase its speed relative to the set speed. By
travelling downhill, the vehicle momentum reduces the
power needed to maintain the cruise set speed. The bottom
droop 604 shows the permitted vehicle speed increase. Like
the upper droop 603, in many instances, the vehicle speed is
only permitted to increase by a set amount (e.g., 0-3 MPH)
relative to the cruise set speed. The slope of the bottom droop
604 portion corresponds with the rate at which the speed is
permitted by the powertrain management module 159 to
increase. Typically, these cruise droop characteristics (e.g.,
the droop breakpoints, the maximum droop speed increase
and decrease (i.e., the droop amount), and the droop slope) are
predefined in the vehicle cruise control management module
155. According to the present disclosure, the controller 150
selectively adjusts one or more of these characteristics based
on past and present road loads. In another embodiment, the
module 155 selectively adjusts one or more of these charac-
teristics based on past, present, and predicted future road
loads.

Accordingly, referring to FIG. 7, FIG. 7 depicts adjust-
ments to cruise droop characteristics performed in real time
by the vehicle cruise control management module 155. In
some instances, the upper breakpoint 701 and lower break-
point 702 may be predefined in the module 155 based on the
cruise control set speed (e.g., plus-or-minus thirty percent of
the road load corresponding with the cruise control speed
when set represents the upper and lower droop breakpoint).
Further, the droop amounts and slopes may also be preset in
the module 155. Unlike the static line and characteristics in
FIG. 6, however, FIG. 7 shows that based on the determina-
tions made by module 155 (described below), the module
may—in real time operation —adjust the upper droop break-
point (703), lower droop breakpoint (704), upper droop slope
(705), lower droop slope (706), upper droop (707) vehicle
speed decrease amount relative to the set speed, and lower
droop (708) vehicle speed increase amount relative to the
cruise set speed. The adjustments may specifically include,
but are not limited to, a decay or growth (i.e., increase in road
load to trigger the breakpoint) of the upper droop breakpoint;
a decay or growth (i.e., decrease in road to trigger the break-
point) of the lower droop breakpoint; a flattening or increase
of the upper/lower droop slope; an adjustment to the upper
droop or lower droop vehicle speed amount; and a deactiva-
tion of a upper or lower droop breakpoint (e.g., not allowing
the vehicle to decrease speed by removing the upper droop
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breakpoint or, not allowing the vehicle to increase speed by
removing the lower droop breakpoint). As used herein, the
term “growth” of the upper/lower breakpoint refers to the
adjustment of that breakpoint closer to other breakpoint (e.g.,
adjusting the lower droop breakpoint closer to the upper
droop breakpoint, which decreases the separation road load
between the two breakpoints) while the term “decay” refers to
the movement of the upper/lower breakpoint away from the
other breakpoint (e.g., an increase in separation road load
between the two breakpoints). As shown specifically in FIG.
7, the upper and lower droop breakpoints 703, 704 are
decayed. These adjustments are explained more fully below.

In certain embodiments, each of these adjustments may be
confined by one or more cruise control droop settings. The
cruise control droop settings may be predefined in the vehicle
cruise control management module 155 and/or received by
the operator interface module 160. For example, the maxi-
mum vehicle speed increase and decrease, relative to the set
speed, may be predefined as 3 MPH. In another example, the
decay (or, growth) amount of the upper and lower breakpoints
may also be constrained to prevent the two breakpoints from
coming too close together. This may defined by constraining
the separation power (i.e., the road load or engine power that
triggers the upper and lower breakpoint) to be at a minimum
defined amount. By specifying a minimum separation power,
the controller 150 substantially prevents droop speed
increases/decreases from occurring at a rate that may cause
operator dissatisfaction (e.g., too frequently). Accordingly,
although the controller 150 may actively adjust these charac-
teristics, the controller 150 may be limited to the extent that
these characteristics are adjusted based on one or more cruise
droop settings.

With this functionality in mind, an explanation of when and
how the adjustments are made may be as follows. As men-
tioned above, in one embodiment, an adjustment is made
based on a current determined road load being outside an
acceptable deviation from the nominal road load. Using FIG.
7, the nominal road load may correspond with road loads
falling between the upper (701) and lower (702) droop break-
points. In the example of FIG. 7, the nominal road load is
shown as line 709, which represents the median road load for
the cruise set speed. The load management module 155 may
determine a current road load falling more than ten percent
(outside the predefined acceptable deviation amount) above
the nominal road load line 709. In one instance, the determi-
nation is based on the current road load being outside the
acceptable deviation for at least one of a preset amount of time
or distance. Accordingly, the module 155 filters out minor
road load excursions to avoid making hasty adjustments that
may affect drivability (i.e., the smoothness of operation of the
cruise control system as felt by the operator). The preset
amount of time or distance may be predefined and, in certain
embodiments, adjusted by the operator via I/O device 130. If
the current road load remains above the nominal road load by
more than, for example, ten percent for more than the preset
distance and/or time, the vehicle cruise control management
module 155 may selectively adjust one of the cruise droop
characteristics. In this example, the module 155 may lower
(decay) the upper breakpoint to 703, such that the vehicle may
be allowed to regress in speed. The upper breakpoint 703 may
decay to match or coincide with the current road load.
Accordingly, the upper droop is activated nearly instanta-
neously upon making the adjustment. In another example, if
the current road load remains below the nominal road by more
than ten percent (preset acceptable deviation amount) for
more than the preset distance and/or time, the module 155
may decay the lower droop breakpoint to 704 to allow the
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vehicle to increase in speed. These two examples depict
adjustments to the cruise control droop breakpoints based on
the current road load being outside an acceptable deviation of
the nominal road. In each case, the upper/lower droop break-
point is adjusted to coincide with that current road load. In
other example adjustments, the module 155 may also, or only,
adjust the upper and lower droop slopes 705, 706 and the
droop speed decrease and increase amounts 707, 708. For
example, the droop slope may be decreased (flattened) to ease
the increase/decrease of vehicle speed to ease drivability.

The module 155 may also be structured to make the adjust-
ment to substantially match the increase or decrease in road
load. For example, if the road load is decreasing by X percent-
per-second, the module 155 may decrease (decay) the lower
droop breakpoint by X percent-per-second while also adjust-
ing the lower droop slope to coincide with that rate. In this
case, the transition to the lower droop (vehicle speed increase)
may be relatively smoother.

As mentioned above, the module 155 may further be struc-
tured to make the adjustment based on a comparison of the
current road load to one or more predefined cruise droop
characteristics (e.g., upper and lower cruise droop break-
points 701, 702). This determination may be based on the
current road (for at least one of a predetermined amount of
time and distance) being within a predefined percentage,
amount, deviation, and the like of the upper or lower cruise
droop breakpoint. For example, the current road load may be
ten percent below the upper droop breakpoint. The module
155 may lower (decay) the upper breakpoint to coincide with
the determined current road load. In another example, the
current road load may be above the upper droop breakpoint
for a preset amount time. The module 155 may grow the upper
droop breakpoint to prevent activation of the upper droop.
The module 155 may make this adjustment based on an
operator preference of minimizing trip time, which in turn
causes the module 155 to substantially prevent vehicle speed
slowdowns.

As such, in certain embodiments, the adjustments may be
constrained by one or more preferences of the operator,
wherein the preferences are received from the operator inter-
face module 160. These preferences may include, but are not
limited to, minimizing fuel consumption, minimizing trip
time, minimizing gear shift events, etc. If the operator desires
to minimize fuel consumption, the module 155 may readily
decay the upper droop break point. In this case, the vehicle is
permitted to decrease speed sooner without additional power
expenditures, which reduces fuel consumption. If a downbhill
grade, the module 155 may decay the lower breakpoint to
permit the vehicle to exceed its set speed relatively sooner
thereby accumulating additional momentum and saving fuel
later on. However, if the operator desires to minimize trip
time, the upper breakpoint may be increased while the lower
breakpoint may be decayed. The lower droop amount may
also be increased. In this case, the module 155 substantially
prevents the vehicle from regressing speed while permitting
the vehicle to increase speed and the speed amount. In turn,
the operator may decrease travel time. Gear shift events may
lead to unpleasant drivability experienced by the operator
(e.g., a moment of no power while the shift occurs). Accord-
ingly, an operator may prefer to minimize these events while
in cruise control. In turn, the vehicle cruise control manage-
ment module 155 may reduce vehicle droop speed amount
increases/decreases to stay at the gear that the vehicle was in
when the cruise control period was initiated. In other embodi-
ments, in addition to road load, the history module 157 may
track the gears (transmission settings) encountered during the
cruise control period and make determinations relative to the
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nominal transmission setting to minimize gear shift events.
Although only a few example operator preference implemen-
tations are described above in regard to dynamically control-
ling the cruise droop characteristics, many other preferences
and operational implementations are possible with all such
possibilities intended to be within the scope of this disclosure.

In one embodiment, the adjustment may be for fuel con-
servation. Accordingly, the fuel conservation adjustment may
include increasing the upper droop amount (allow vehicle
speed decrease amount relative to the cruise set speed on an
uphill portion) for better fuel economy as long as the vehicle
does not lug back on the uphill or gain too much speed on the
downbhill. The fuel conservation adjustment may also include
decaying the upper droop breakpoint. The fuel conservation
adjustment may further include increasing the bottom droop
amount (allowed vehicle speed increase amount relative to
the cruise set speed on a downhill portion) for better fuel
economy and to decrease trip time. In one example embodi-
ment, the upper and bottom droop amount is 5 MPH relative
to the cruise set speed while the decayed amount of the upper
droop breakpoint is eighty percent of the default upper droop
breakpoint. Generally speaking, these adjustments are con-
figured to increase fuel economy for the vehicle.

Using the aforementioned, an example operation of the
modules described above may be as follows. An operator sets
a cruise control set speed of 60 MPH, which the powertrain
management module 159 implements with the vehicle 100.
For the past ten minutes (the duration of the cruise control
period at 60 MPH), the load determination module 156 has
been making road load determinations, which are being
tracked and maintained by the history module 157. The nomi-
nal operation module 158 is simultaneously determining a
nominal road load for this period of operation. At some point
in the future, the load determination module 156 determines
a road load in excess of the nominal road by more than an
acceptable amount. The vehicle cruise control management
module 155 then determines that this road load is being expe-
rienced for more than thirty seconds (the preset time). To
initiate vehicle speed regression, the vehicle cruise control
management module 155 decays the upper breakpoint. At
which point, when the current road load coincides with this
breakpoint, the powertrain management module 159 reduces
the fueling and otherwise slows the vehicle down within the
maximum allowed speed regression. In this case, the module
155 is making the cruise control droop characteristic adjust-
ment to conserve fuel (i.e., reducing the power expenditure to
allow the vehicle to regress in speed relative to the set speed).

The aforementioned description describes how the control-
ler 150 makes cruise droop adjustments based on the past
(history) and present road loads. In certain embodiments, the
controller 150 may adjust one or more cruise droop charac-
teristics based on the past, present, and predicted road loads.

Accordingly, the projection module 161 is structured to
project anext road load for the vehicle based on the history of
determined road loads. The projection may be based on a
projected road load trend, a grade projection, and any other
projection that provides an indication of the road load at a
future location or distance. Based on the history of deter-
mined road loads and the current road load, the projection
module 161 may use an extrapolation function, a correlation
function, a model, a forecasting application, an algorithm,
and any other process to predict the road load at a future
location or time. FIG. 8 depicts a history of determined road
loads (portion 801), a current road load (802), and a predicted
future road load (803). The predicted or projected road load
may be provided to the vehicle cruise control management
module 155. The vehicle cruise control management module
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155 compares the projected road load to at least one of preset
cruise droop settings (e.g., upper and lower droop break-
points) and a nominal road load as determined by the nominal
operation module 158. If the projected road load is outside an
acceptable deviation, the vehicle cruise control management
module 155 adjusts one or more cruise control droop charac-
teristics (described above). Therefore, the projection module
161 enables cruise droop control based on predicted future
road loads without the use of relatively costly technology that
provides grade information (i.e., global positioning system
data that provides altitude and curvature data) to estimate the
upcoming road load on the vehicle. In turn, the controller 150
includes a modularity aspect that may make it appealing to
many vehicle operators.

In some embodiments, the vehicle cruise control manage-
ment module 155 is structured to adjust one or more cruise
control droop characteristics based on past, present, and (in
certain embodiments) road load, wherein the determined road
load is a function of vehicle mass. This allows the droop to be
active at different points for lightly or heavily loaded vehicles.
Inthiscase, P,,,,,, is calculated based on the vehicle mass. In
other embodiments described above herein, the road load
may exclude this term due to the vehicle potentially routinely
varying in its mass (e.g., a semi-tractor trailer may be fully
loaded, partially loaded, or have no load and the type of loads
may vary (e.g., steel rods versus stuffed animals)). In these
latter cases, the P, (or any other term used to estimate
vehicle mass to determine road load) may be excluded from
the determinations, provided with an estimate, or the road
load may be determined using other methods than those
described above.

However, by including a real-time determination of vehicle
mass, a form of gain scheduling (adjustments based on
vehicle mass) is provided to enable the same droop (e.g.,
upper droop and bottom droop) for a relatively lighter vehicle
as in a relatively heavier vehicle for the same grade. In turn,
operators may experience the same type of cruise control
performance (i.e., drivability), regardless of the vehicle mass.
For example, without gain scheduling based on vehicle mass,
a heavier vehicle does more slowing down than a lighter
vehicle on a steeper grade. In turn, the lighter vehicle main-
tains a relatively faster vehicle speed which results in a rela-
tively shorter trip time. When the load determination module
156 uses vehicle mass to determine road load, the vehicle
cruise control management module 155 may substantially
ameliorate any differences in cruise control droop character-
istics between the heavy and light vehicles. Accordingly, if
the operator prefers the cruise control operability of the
heavier vehicle, the module 156 may adjust the no-loaded
vehicle droop characteristics to achieve substantially the
same feel for the operator.

As mentioned above, utilization of vehicle mass may be
included in either using the past and present road loads to
adjust cruise control droop characteristics and in using the
past, present, and projected future road loads to adjust cruise
control droop characteristics.

Referring now to FIG. 9, a method 900 of dynamically
controlling one or more cruise control droop characteristics is
shown according to an example embodiment. Method 900
corresponds with the controller 150 using past and present
road loads to affect cruise control droop characteristics. In
one example embodiment, method 900 may be implemented
with the controller 150 of FIGS. 1-2. Accordingly, method
900 may be described in regard to FIGS. 1-2.

At process 902, the controller 150 receives one or more
preferences. As mentioned above, the preferences may
include, but are not limited to, minimizing fuel consumption,
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minimizing trip time, minimizing gear shift events, etc. In
certain embodiments, the controller 150 uses the preferences
to further constrain/adjust the one or more cruise droop char-
acteristics. At process 904, a cruise control operating mode
initiation is received for a vehicle. The cruise control initia-
tion may also include a cruise control vehicle set speed. Both
of these inputs may be received via the operator /O device
130. Process 904 may correspond with the start of the history
of determined road loads (process 910 below). Vehicle opera-
tion data is received (process 906). The vehicle operation data
may include engine speed, engine torque, and any other data
point (or vehicle parameter, described above) that the con-
troller 150 uses to determine road loads for the vehicle (pro-
cess 908). As mentioned above, in some embodiments, the
vehicle mass may be included in this determination thereby
allowing the controller 150 to adjust the droop characteristics
based at least partly on the vehicle’s mass. While in the cruise
control operating mode, the controller 150 maintains a history
of determined road loads for the vehicle (process 910). The
history may correspond with a cruise control session (e.g.,
from cruise control activation to deactivation) or variations
thereof. For example, as mentioned above, the history may
correspond to a route of the vehicle, which was previously
travelled. Additionally, the cruise control session may include
brief (less than a preset amount of time or distance) deactiva-
tions prior to re-activation.

In certain embodiments, a nominal road load based on the
history of determined road loads is determined (process 912).
As mentioned above, the nominal road load includes an aver-
age, a median, and any other representative road load for the
history of determined road loads. The controller 150 then
determines that the current road load is outside an acceptable
deviation from the nominal road load (process 914). The
determination that the current road load is outside an accept-
able deviation from the nominal road load is based on the
current road load being outside the acceptable deviation for at
least one of a preset amount of time and a preset distance.
Thus, excursions above and below the nominal road load—in
excess of the acceptable deviation amount—are substantially
excluded from impacting the cruise control droop adjustment.

At process 916, the controller 150 selectively adjusts a
cruise control droop characteristics based on the current road
load and the history of determined road loads. As mentioned
above, the adjustment may include decay/growth of the upper
and/or lower droop breakpoints, increase or decrease of the
upper and lower droop slopes, and/or increase or decrease of
droop speed amounts. The adjustments may be based on
where the current road load is relative to the nominal road
load. For example, if the current road load is near the pre-
defined bottom droop breakpoint (outside the acceptable
deviation amount) but not at that point, the controller 150 may
decay the bottom droop breakpoint to coincide with the cur-
rent road load to permit the droop speed increase. Addition-
ally, the adjustment may be based on one or more operator
preferences. For example, the operator may have inputted a
preference of minimizing fuel economy such that the control-
ler 150, based on the current road load, decays the upper
droop breakpoint to permit a vehicle speed decrease to occur
relatively sooner.

Although described above (process 914) based on a nomi-
nal road load, in some embodiments, the controller may deter-
mine to make an adjustment to a cruise control droop char-
acteristic based on the current road load relative to the a
predefined cruise control droop characteristic. For example,
if the current road load has been below the predefined upper
droop breakpoint based on the cruise control set speed for a
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preset amount of time by a preset amount, the controller 150
may decay the upper droop breakpoint to coincide with the
determined current road load.

In some embodiments, as mentioned above, the road load
determinations may be based on the vehicle’s mass. Accord-
ingly, the cruise control droop adjustments take into consid-
eration the vehicle’s mass and enable the controller 150 effect
cruise control droop characteristics that may substantially
correlate with an operator experiencing similar cruise control
effects whether the vehicle is loaded or not loaded (based on
a semi-tractor trailer vehicle).

Referring now to FIG. 10, a method 1000 of dynamically
controlling one or more cruise control droop characteristics is
shown according to an example embodiment. Method 1000
corresponds with the controller 150 using past, present, and
projected future road loads to adjust a cruise control droop
characteristic. In one example embodiment, method 1000
may be implemented with the controller 150 of FIGS. 1-2.
Accordingly, method 1000 may be described in regard to
FIGS. 1-2.

Processes 1002-1012 correspond with processes 902-914,
with their description located above. As compared to method
900, at process 1014, a future or projected road load of the
vehicle is determined based on the history of determined road
loads and the current road load. In other embodiments, the
determination may only take into account the history of deter-
mined road loads and not the current road load. In one
embodiment, the projected road is determined for at least one
of a next unit distance and a next unit of time. The unit of
distance and time may be predefined in the controller 150. For
example, the controller may determine road loads every quar-
ter-mile, such that the projected next road load is at a location
a quarter-mile in front of the vehicle’s current location. In
other embodiments, the projection may be further out (i.e., a
location or time event further than then next unit distance or
unit time). As mentioned above, the projection may be based
on a projected road load trend or any other projection that
provides an indication of the road load at a future location
using any method including, but not limited to, an extrapola-
tion function, a correlation function, a model, a forecasting
application, an algorithm, and any other process that predicts
the road load at a future location or time. According to one
example embodiment, the projection is only based on the
current and history of determined road loads for the vehicle
cruise control session. As such, technology that provides an
indication of an upcoming grade—to determine road load—is
not needed.

Based on the projected road load, the controller 150 selec-
tively adjusts a cruise control droop characteristic (process
1016). In certain embodiments, the adjustment may be based
on a comparison between the projected road load and a nomi-
nal road load (process 1012). For example, if the projected
road load is outside an acceptable deviation relative to the
nominal road load, the controller 150 adjusts a cruise control
droop characteristic. This adjustment may also be based on
where the projected road load is relative to the nominal road
load (e.g., relatively closer to the upper droop breakpoint or
the lower droop breakpoint). In other embodiments, the
adjustment may be based on the projected road load relative
to a predefined upper or lower droop breakpoint. The pre-
defined upper and lower droop breakpoints may be based on
the cruise control set speed. The controller 150 may deter-
mine that the projected road load is within a predefined
amount of the breakpoints and command an adjustment. In
still other embodiments, the adjustment may be based on the
projected road compared to the history of determined road
loads and the current road load.
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In some embodiments as with method 900, method 1000
may also utilize vehicle mass to determine and project road
loads. Accordingly, cruise control droop adjustments (pro-
cess 1016) may be based on a vehicle’s mass.

It should be noted that the term “example” as used herein to
describe various embodiments is intended to indicate that
such embodiments are possible examples, representations,
and/or illustrations of possible embodiments (and such term
is not intended to connote that such embodiments are neces-
sarily extraordinary or superlative examples).

Example and non-limiting module implementation ele-
ments include sensors (e.g., sensors 140) providing any value
determined herein, sensors providing any value that is a pre-
cursor to a value determined herein, datalink and/or network
hardware including communication chips, oscillating crys-
tals, communication links, cables, twisted pair wiring,
coaxial wiring, shielded wiring, transmitters, receivers, and/
or transceivers, logic circuits, hard-wired logic circuits,
reconfigurable logic circuits in a particular non-transient state
configured according to the module specification, any actua-
tor including at least an electrical, hydraulic, or pneumatic
actuator, a solenoid, an op-amp, analog control elements
(springs, filters, integrators, adders, dividers, gain elements),
and/or digital control elements.

The schematic flow chart diagrams and method schematic
diagrams described above are generally set forth as logical
flow chart diagrams. As such, the depicted order and labeled
steps are indicative of representative embodiments. Other
steps, orderings and methods may be conceived that are
equivalent in function, logic, or effect to one or more steps, or
portions thereof, of the methods illustrated in the schematic
diagrams.

Additionally, the format and symbols employed are pro-
vided to explain the logical steps of the schematic diagrams
and are understood not to limit the scope of the methods
illustrated by the diagrams. Although various arrow types and
line types may be employed in the schematic diagrams, they
are understood not to limit the scope of the corresponding
methods. Indeed, some arrows or other connectors may be
used to indicate only the logical flow of a method. For
instance, an arrow may indicate a waiting or monitoring
period of unspecified duration between enumerated steps of a
depicted method. Additionally, the order in which a particular
method occurs may or may not strictly adhere to the order of
the corresponding steps shown. It will also be noted that each
block of the block diagrams and/or flowchart diagrams, and
combinations of blocks in the block diagrams and/or flow-
chart diagrams, can be implemented by special purpose hard-
ware-based systems that perform the specified functions or
acts, or combinations of special purpose hardware and pro-
gram code.

Many of the functional units described in this specification
have been labeled as modules, in order to more particularly
emphasize their implementation independence. For example,
amodule may be implemented as a hardware circuit compris-
ing custom VLSI circuits or gate arrays, off-the-shelf semi-
conductors such as logic chips, transistors, or other discrete
components. A module may also be implemented in program-
mable hardware devices such as field programmable gate
arrays, programmable array logic, programmable logic
devices or the like.

Modules may also be implemented in machine-readable
medium for execution by various types of processors. An
identified module of executable code may, for instance, com-
prise one or more physical or logical blocks of computer
instructions, which may, for instance, be organized as an
object, procedure, or function. Nevertheless, the executables
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of an identified module need not be physically located
together, but may comprise disparate instructions stored in
different locations which, when joined logically together,
comprise the module and achieve the stated purpose for the
module.

Indeed, a module of computer readable program code may
be a single instruction, or many instructions, and may even be
distributed over several different code segments, among dif-
ferent programs, and across several memory devices. Simi-
larly, operational data may be identified and illustrated herein
within modules, and may be embodied in any suitable form
and organized within any suitable type of data structure. The
operational data may be collected as a single data set, or may
be distributed over different locations including over different
storage devices, and may exist, at least partially, merely as
electronic signals on a system or network. Where a module or
portions of a module are implemented in machine-readable
medium (or computer-readable medium), the computer read-
able program code may be stored and/or propagated on in one
or more computer readable medium(s).

The computer readable medium may be a tangible com-
puter readable storage medium storing the computer readable
program code. The computer readable storage medium may
be, for example, but not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, holographic, microme-
chanical, or semiconductor system, apparatus, or device, or
any suitable combination of the foregoing.

More specific examples of the computer readable medium
may include but are not limited to a portable computer dis-
kette, a hard disk, a random access memory (RAM), a read-
only memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), a portable compact disc
read-only memory (CD-ROM), a digital versatile disc
(DVD), an optical storage device, a magnetic storage device,
a holographic storage medium, a micromechanical storage
device, or any suitable combination of the foregoing. In the
context of this document, a computer readable storage
medium may be any tangible medium that can contain, and/or
store computer readable program code for use by and/or in
connection with an instruction execution system, apparatus,
or device.

The computer readable medium may also be a computer
readable signal medium. A computer readable signal medium
may include a propagated data signal with computer readable
program code embodied therein, for example, in baseband or
as part of a carrier wave. Such a propagated signal may take
any of a variety of forms, including, but not limited to, elec-
trical, electro-magnetic, magnetic, optical, or any suitable
combination thereof. A computer readable signal medium
may be any computer readable medium that is not a computer
readable storage medium and that can communicate, propa-
gate, or transport computer readable program code for use by
or in connection with an instruction execution system, appa-
ratus, or device. Computer readable program code embodied
on a computer readable signal medium may be transmitted
using any appropriate medium, including but not limited to
wireless, wireline, optical fiber cable, Radio Frequency (RF),
or the like, or any suitable combination of the foregoing

In one embodiment, the computer readable medium may
comprise a combination of one or more computer readable
storage mediums and one or more computer readable signal
mediums. For example, computer readable program code
may be both propagated as an electro-magnetic signal
through a fiber optic cable for execution by a processor and
stored on RAM storage device for execution by the processor.

Computer readable program code for carrying out opera-
tions for aspects of the present invention may be written in
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any combination of one or more programming languages,
including an object oriented programming language such as
Java, Smalltalk, C++ or the like and conventional procedural
programming languages, such as the “C” programming lan-
guage or similar programming languages. The computer
readable program code may execute entirely on the user’s
computer, partly on the user’s computer, as a stand-alone
computer-readable package, partly on the user’s computer
and partly on a remote computer or entirely on the remote
computer or server. In the latter scenario, the remote com-
puter may be connected to the user’s computer through any
type of network, including a local area network (LAN) or a
wide area network (WAN), or the connection may be made to
an external computer (for example, through the Internet using
an Internet Service Provider).

The program code may also be stored in a computer read-
able medium that can direct a computer, other programmable
data processing apparatus, or other devices to function in a
particular manner, such that the instructions stored in the
computer readable medium produce an article of manufacture
including instructions which implement the function/act
specified in the schematic flowchart diagrams and/or sche-
matic block diagrams block or blocks.

Accordingly, the present disclosure may be embodied in
other specific forms without departing from its spirit or essen-
tial characteristics. The described embodiments are to be
considered in all respects only as illustrative and not restric-
tive. The scope of the disclosure is, therefore, indicated by the
appended claims rather than by the foregoing description. All
changes which come within the meaning and range of equiva-
lency of the claims are to be embraced within their scope.

What is claimed is:

1. An apparatus, comprising:

an operator interface module structured to receive an input,
the input including a cruise control operating mode ini-
tiation for the vehicle;

aload determination module structured to determine a road
load for the vehicle while the vehicle is in the cruise
control operating mode;

a history module structured to maintain a history of the
determined road loads;

a projection module structured to project a next road load
for the vehicle based on the history of determined road
loads and a current road load; and

a vehicle cruise control management module structured to
selectively adjust a cruise control droop characteristic
based on the current road load and the history of deter-
mined road loads.

2. The apparatus of claim 1, wherein the adjustment
includes a fuel conservation adjustment, the fuel conservation
adjustment including at least one of an increase in an upper
droop amount, an increase in a lower droop amount, and a
decay of an upper droop breakpoint.

3. The apparatus of claim 1, wherein the vehicle cruise
control management module is structured to adjust the cruise
control droop characteristic based on the current road load
being within a preset deviation of at least one of an upper
droop breakpoint and a lower droop breakpoint for at least
one of a preset amount of time and a preset distance of travel
for the vehicle.

4. The apparatus of claim 1, further comprising a nominal
operation module structured to determine a nominal road load
for the history of determined road loads, wherein the vehicle
cruise control management module is structured to selec-
tively adjust the cruise control droop characteristic based on
the current road load being outside an acceptable deviation
from the nominal road load.
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5. The apparatus of claim 1, wherein the vehicle cruise
control management module is structured to selectively
adjust the cruise control droop characteristic based on the
projected next road load being outside an acceptable devia-
tion from a nominal road load for at least one of a preset
amount of time and a preset distance of travel for the vehicle.

6. The apparatus of claim 2, wherein the upper droop
amount is 5 miles-per-hour relative to a cruise set speed, the
lower droop amount is 5 miles-per-hour relative to the cruise
set speed, and the decay of the upper droop breakpoint is
eighty percent of a default upper droop breakpoint.

7. An apparatus, comprising:

an operator interface module structured to receive an input,
the input including a cruise control operating mode ini-
tiation for the vehicle;

a load determination module structured to determine a road
load for the vehicle while the vehicle is in the cruise
control operating mode;

a history module structured to maintain a history of the
determined road loads;

a nominal operation module structured to determine a
nominal road load for the history of determined road
loads; and

a vehicle cruise control management module structured to
selectively adjust a cruise control droop characteristic
based on a current road load and the history of deter-
mined road loads, wherein the vehicle cruise control
management module is structured to selectively adjust
the cruise control droop characteristic based on the cur-
rent road load being outside an acceptable deviation
from the nominal road load.

8. An apparatus, comprising:

an operator interface module structured to receive an input,
the input including a cruise control operating mode ini-
tiation for the vehicle;

a load determination module structured to determine a road
load for the vehicle while the vehicle is in the cruise
control operating mode;

a history module structured to maintain a history of the
determined road loads; and

a vehicle cruise control management module structured to
selectively adjust a cruise control droop characteristic
based on a current road load and the history of deter-
mined road loads;

wherein the adjustment includes a fuel conservation
adjustment, the fuel conservation adjustment including
at least one of an increase in an upper droop amount, an
increase in a lower droop amount, and a decay of an
upper droop breakpoint; and

wherein the upper droop amount is 5 miles-per-hour rela-
tive to a cruise set speed, the lower droop amount is 5
miles-per-hour relative to the cruise set speed, and the
decay of the upper droop breakpoint is eighty percent of
a default upper droop breakpoint.

9. A method, comprising:

receiving a cruise control operating mode initiation for a
vehicle;

receiving vehicle operation data;

determining a current road load for the vehicle based on the
vehicle operation data, wherein the current road load
provides an indication of a load on the vehicle;

maintaining a history of determined road loads while the
vehicle is in the cruise control operating mode;

determining a nominal road load for the history of deter-
mined road loads;

determining that the current road load is outside an accept-
able deviation from the nominal road load; and
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selectively adjusting a cruise control droop characteristic
based on the current road load and the history of deter-
mined road loads.

10. The method of claim 9, wherein the determination that
the current road load is outside an acceptable deviation from
the nominal road load is based on the current road load being
outside the acceptable deviation for at least one of a preset
amount of time and a preset distance.

11. The method of claim 9, wherein the adjustment is based
on the current road load being within a preset deviation of at
least one of an upper droop breakpoint and a lower droop
breakpoint for at least one of a preset amount of time and a
preset distance of travel for the vehicle.

12. The method of claim 9, wherein the adjustment is
structured to match at least one of an upper droop breakpoint
and a lower droop breakpoint with the current road load.

13. The method of claim 9, wherein at least one of a
maximum upper droop slope and a maximum lower droop
slope are selectively adjusted to match at least one of a rate of
increase and decrease of road load.

14. The method of claim 9, wherein the adjustment is
confined by one or more cruise control droop settings, the one
or more cruise control droop settings including a maximum
upper droop slope, a maximum lower droop slope, a maxi-
mum upper droop breakpoint decay, and a maximum lower
droop breakpoint decay.

15. A method, comprising:

receiving a cruise control operating mode initiation for a

vehicle;

receiving vehicle operation data;
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determining a current road load for the vehicle based on the
vehicle operation data, wherein the current road load
provides an indication of a load on the vehicle;

maintaining a history of determined road loads while the
vehicle is in the cruise control operating mode;

projecting a next road load for the vehicle based on the
history of determined road loads and the current road
load; and

selectively adjusting a cruise control droop characteristic

based on the projected next road load.

16. The method of claim 15, wherein the adjustment is
based on the projected road load being within a preset devia-
tion of at least one of an upper droop breakpoint and a lower
droop breakpoint for at least one of a preset amount of time
and a preset distance of travel for the vehicle.

17. The method of claim 15, further comprising determin-
ing a nominal road load for the history of determined road
loads, wherein the nominal road load provides an indication
of'arepresentative road load encountered by the vehicle while
in the cruise control operating mode.

18. The method of claim 15, wherein the determined road
loads and the projected next load is based on a determined
mass of the vehicle.

19. The method of claim 17, wherein the adjustment is
based on the projected next road load being outside an accept-
able deviation from the nominal road load.

20. The method of claim 19, wherein the adjustment is
based on the projected next road load being outside the
acceptable deviation from the nominal road load for at least
one of a preset amount of time and a preset distance of travel
for the vehicle.



